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When the proportions of a stiffener are such that it is sturdy with 
respect to the plate which it is stiffening, it acts essentially as an 
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figures discussed in the following sections show as a, function of 

these parameters. 
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then computing the buckling stress of the element considered as a simple 
plate under longitudinal load with the appropriate boundary conditions. 
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As discussed in the preceding section, the general case of buckling 
of stiffened panels involves local instability of the stiffeners as well 
as the spring properties in compression, bending, and torsion. In this 
section the special case of sturdy stiffeners is discussed, and a brief 
description of the influence of torsional rigidity of the stiffener is 
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Both the energy- integral approach and the differential-equation method 
of solution have been used to solve the problem of buckling of a stiffened 
plate. The essentials of both these procedures have been described in 
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When the curved plate width exceeds the length, use the curves for 
cylinders. Use the curved -plate buckling data only when the length 
exceeds the width. 
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a simple element of specified elastic properties, in order to satisfy 
the joint-stiffness criterion discussed in the section entitled "Local 
Buckling of Stiffening Elements," Thus, 






K\ 


CVJ 

00 

t- 

ro 


P 


< 

o 
















P 





<D 







0 




ft 




P P 


ft 





-P 

0 

0 




P 



cd 

ft 


0 

0 



I 

•rl 

ft 

0 



H 

o 



CD 


0) 

ft 

P 


C 

) *H ft 

•H 

baft 


W 

ft 



p 

Pi 

H 

0 

0 


ft ft 

rH 

ft 

O 






CQ 

O 

2 

•H 

ft 


£ 

■ P 

j bD 


ft 


ft 


0 





o 

g 

0 



•r 

1 -H 

ft ft 

3 


ft 

0 



•3 

CQ 

ft 

ft 

ft 


c 

1 

, P 

ft 

o 

ad 

o 

> 



<D 

P 

O 

ft 


H- 

1 P 


0 


3 

0 


p 






CQ 

•rH 


>r C 

cd P 

g 

0 


pj 

ft 

3 



ad 

•rl 

d) 


ft 


I 

0 

ft 

ft P 

•H 

o 

o 



0) 

rH 

ft 

CQ 


E 

! Ph ft 

O 

(' 

to 

ft 

•H 




ad 


cd ft 



c t 

! C 

) 0 

cd 

r— 1 

ft 

ft 

0 



cd 

P 

rH 


ad 




<H 

ft 

Pi ft ft 

a 

ft 

• 


o 

ft 

Pi ad 

•H 


0 0ft 

ft 


0 

O 

ft 

ft 

✓- — s 


i — l 

a) 


0 

bD 


ft 

> 0 -H 

cd 

0 

H 


3 



p 



d) 

ft 

•H 


cd 0 ft 


ft 


cd 

ft 

ft 


ft 

0 

cj 

ft 

•rl 

P 


P 

i P 

i 0 

0 

ft 

0 

ft 


0 

cr\ 

0 

-p 

O 

ft 




O ft 

) 

ft 


ft 

ft 

cd 

0 

rH 

P 

cd 

cd 


CO 

0 



0 0 

ft 

ft 

*H 

ad 


is 


CQ 

i — I 

ft 

ft 

X 

rH 


> 


cd 


O 

ft 


0 

•p 

0 


ft -P 

O 

0 

•H 


ft 

i bO 

bO 


*H 

ft 

cd 

0 

P 

P 


cd 



ft 



P 

i >» ft 

ft 

ft 

0 


ft 

3 

0 

cd 


d) 

0 

> 


ft *r 

I H 

O 

P 

pi 

0 



& 



0 

o 

ft 



0 r- 

I H 

i — 1 

0 

•H 

EH 

0 

b0 -H 

o 

P 

ft 

5 

rN 


IS] 

1 X cd 

cd 

ft 



M 

ft 

ft 


p 

ft 

0 


lT\ 


>> o ft 


ft 

ft 



•rl 





ft 

0 

CM 


i — i 

1 ft 

1 -H 

0 

cd 

O 

• 


£ 

ft 

CQ 

Od 

ft 

1 — 1 

p 



cd 

i ft 

i ft 

0 

Pi 


ft 

ft 

•H 

CL) 

0 

cd 

id 

0 

• 


ft 


ft ft 

0 


o 



-P 

P 


ft 

ft 

ft 


cd 

! p 

i ft 

o 

0 

ft 



cd 


cd 

o 

CQ 

•rl 

0 

0 



cd *ri 

ft 

H 

cd ft 


ft 

*5 

H 

cd 

0) 


ft 

Jh 


0 

! 0- bO 


ft 

i — 1 

ft 

ft 

cd 

o 

ft 

ft 

ad 

O 

ft 



ft 

i ft 

[ ft 

0 

Q 

Pi ad 

0 

ad ft 


ft 

O 

ft 

•rH 


• 

? 

: 0 O 

a 

ft 


•H 

P 


0 

0d 

cd 

g 


ft 

bO 

y— V 



rH 

P 

ft 

0d 

is 

ft 

0 


<u 



CQ 

ft VO 

0 

» 0 

o 


0 



ft 

0 

ft 

0 

0) 

rH 


.cd 

CM 

bO ft ft 

id 

0 

ft 

0 

rH 

ft 

cd 

Q) 

P 

o 

rH 

ft ? 


ft 

! += 

» 0 

M 

ft 

0 

-p 

cd 



ft 

cd 

p 

cd 

cd 


• 

3 


0 

0 

ft ft 

cd 

o 

ft 

•N 

ft 


o 

ft 

0 

ad 

ft 

P ft cd 



ft 

rH 

•rH 

o 

0 

*H 

CQ 

id 

ft 

Is 

ft 

0 


CJ 

1 0 

o 

0 

•H 

Pi ft 


0 

-P 

p 

Pi 

P 


cd 

P 

t>> *rj P 

ft 

0 

ft 


0 

ft 

bO 

CQ 

(U 

a) 

•H 

ft 


s — * 

-P ft o 


0 

0 

cd 

P 

0 

ad 


ft 


> 

o 

•s 


•H 

> 

: ft 

ft 

a 

ft 

o 

Q 

0 

ft 

0) 

o 



y 

O 

ft 

| *rH 

ft 

o 

3 

ft 

0 

3 


O 

ft 

ft 

ft 

0 ft- 

M 

•H 

i ft 


0 

P 


o 

ft 

ad 


ft 


P 

0 

CM 

ft 

bO -H 

i 0 

•H 

Pi ft 


ft 

ft 

0 

Pi 

•H 

■a 

0 

cd 


0 

•H 


•H 

a 


cd 

p 


ft 

Pi 

O 

ft 

X 

o 

• 

ft 

P 

P 

1 

•H 

0 


cd 

0 

•g i 

•H 

CQ 

ft 

0 


ft 

0 


0 

► 0 

ft 

•rl 

p ft 

ft 

> 


o 


0 

0 

Q 

0 ft 

! -p 

id 

ft 

o 

ft 

ft 


rH 

cd 

CD 

ft 

o 

3 

Jh 

a 

ft 

ft 

d 

ft 

ft ft 



0 

O 

P 

CQ 

d) 

ft 

0 


•H 

cd 

m 

i i— l 

0 



o 

is 

bo 


0 

P 



P 


EH 

•H 

S 

! Pi 


g> 

p 

ft 

o 

P 

'd 

ffl 

0 

ad 

0 

ft 

H 


ft 


0 

ft 

H 


H 

cd 

ft 


i> 

•H 

cd 

X 

0 

>> 

0 

0 

' ft 

•H 

•H 

o 


H 

rH 

cd 


CQ 

ft 

q0 

•H ^ 

0 

ft ft 
>* 


ft 

£ 

ft 

ft^ 

<2 

0 

ft 


cd 

P 

cd 

0 

0 

ad 

0 


<H 

•H 

P 

0 

1 — 1 


•H 

P 


p 


0 

ft 

CQ 

0 

ft ft 


> 


3 


o 


ft 

d) 

> 

EH 


ft 

ft 

0 

bO rH 


ft 

+ 

P 

Pi 



ft 




•H 

•H 

ft 

> ft 

•H 

• 

is 



0 

Pi 


ft 


O 


y 

p 


cd 

O 

ft 

y— s 


jd 

xi 

ft 

ft 


Q) 

i>> 

0 

• 

KH 

CO 

0 

P 

rH 

ft 


0 


ft 

ft 

0 


£ i 

0 

ft 

P 

CM 

X 

0 


ft 

0 


ft 

CM 

ft 

ft 


cd 

cd 

o 

0 




ft 

0 

• 



ft 

rH 

0 

• 


ft 

0 

0 

i — 1 





ft 

ft 

0 


O 

0 

0 

ft 

3 ft 

ft 


| 



d) 

>^ft 

0 

P 


3 ft 

0 

0 

o 

ad 

cd 

0 



ft 

cri 

cd 

P 

0 


0 

•H 

•H 

P 

p 

•H 

P 

ft 




ft 

8 

Pi 


is 


ft 

ft 

P 


ft 

> 

o 

EH 

0 











•> 

P 













0 

o 













ft 

s p 

*\ 



1 


& 


rH 

■a 



rH 
ad ft 

0 

H 

CM 


• 

0 


o 


cd 

ft 

0 


0 0 

H ft 

0 


/ — s 

ft 


0 0 


P 

o 

ad 


> 

- 0 

ft ft 

O 


O 

3 


0 ft 


ft ft 0 

ft 


P 

1 P 

O H 

ft 

0 

ro 

p 

0 

P ft 


ft ft ft 

0 


ft 

1 

O 0 

P 

ft 

♦H 

0 


0 

«H -P 

ft 


o ft 

rH O 

P 

0 

a 



> 0 


o <C 




0 


0 

ad 

ft 

ft 

P 

W ft 




P 


ad 0 

0 0 

ft 

ft 

0 

ft 

O 

ft ft 


ft 

0 

o 


0 ft 

H P 

0 

•H 

P 

•rl 

•H 

3 



® 0 

•H 


ft 

i - 
i 

M ft 

P 

rH 


is 

> 

P ft 


ft 

^ p 

P 


0 0 

o 


i>> 



cd 

p> p 


ft 

0\ ft 

V 


ft P 

ft 0 

ft 

O 

>» 

0 

ft 

•rl 


•H 

CM H 



ft 0 

P 0 

•H 


P 

0 

0 ft ^ 


is 

P 



•H 

1 > 

ft 


ft 

•H 

ft ft 

ft 



# 

ft 


ft 

> o 

ft ft 

"d 

o 

ad 

cd 


•H 0 


0 

ft -P 

p 


0 a 

ft o 

0 


•rH 

i — l 

0 

> 0 


p> 

0 ft 

0 




p 

0 

bD 

bO 

P 

ft 

P 


ft 

P H 

ft 


ft 0 

ft 0 

ft 

•H 


EH 

0 ho 


rH 

— ft 

ft 


0 

1 0 

P 

ft 

•rH 

P 

ft 


ft cd 


ft 


ft 



ft 

0 0 

a 

H 


cd 


cd 



p 


0 o 

P P 

0 

2 

0 

rH 

• 

H O 


ad 


0 

0 0 

•rl 

O 

P 

ft 

/ N 

Pft 


0 

rH ft 

0 


ft 0 

ft P ad 

ft 

•rl 


00 



> 

ft 

d 


O *H 

0 -p 


P 

ft 

bO CM 

ad ft 


P 

•H P 

• 


P 

ft 

0 


•H 

ft 


0 5 


3 

-P ft 

g 

0 

bO ft 

ft 

P 

0 

ft 

O 

• 

0 o 


o 

ft ,ft 

ft 

0 

ft 

j 

*H ft 

ft 

p 

i — 1 

ft 

CQ ft 



0 -P P 

ft 

•H 

1 o 

ft ft 

-p p 


0 

0 0 


ft 

P 


ft 

ft 

» ft 

0 

0 


P 

ft 

P 

p 



0 O 

0 

i — 1 

•H 

1 

, w 

0 • 

ad 

•rl 

O 


& u 


ft 

ft P> 

P 

P 

3 

bO 

M 0 

0 g 

0 

is 



3 P 


o 


ft 

•H 

> ft 

cd ad 

ft 0 

P 


bO ad 

O cd 



P 0 


ad 

H 

1 *H 

0 o 

O rH 

ft 

0 

ft 

cd 

o 


bO 

o ad 

0 

0 


,a 

ft 

> ft 

P 

bO 

bO 

•H 

H 

o 

i — ! 

siS 


a 

P ft 
•H O 

0 

•H 


ft 

O 0 

0 O 
0 P 

•H 

P 

a 

M 

g 

P 



$ 

V fttH 
0 ®H 

o 

0 

ft 

! ft 

• p 

ft o 
P 

0 ft 

P 

0 

0 

P 

ft 

cd 

£ 


o 

P 0 ad 


ft 

i 0 

0 O 

Eh 0 

> 

i>> 

ft 

0 

ft ft 


ft 

O P 

O 

0 

0 

! 

0 ft 

•rH 

ft 

P 


ft H W 


ft 

P 

3 ad 

0 

*H ft 

P 

•H 


ad 

0 

ad 0 



i>5 o 


•H 

0 

' 0 

rH 0 

• ft 


*8 

0 


ft ft 


ad 

H O 

0 

is 

P 

i p 

P 

0 

0 

tsi 

O 

ft 


0 

i — 1 

P 


P ft 

P O 

0 P 

P 

ft 

ft 

ft 

•H '' ' 


n 

ft ft 

ft 

ft 

0 

-p 

ft ft ft ft 

ft 

0 


bO ft 


*H p 

ft 

•rH 

P 

i ft 


ft *H 

P 

ft 

d 

ad 

ft 


rH 

X 0 

ft 



p 

■5S 

H is 

O 

ft 

ft 

0 

o o\ 


ft 

ft -P 

> 

P 

P 

i 0 

P 

•rH 

cd 

ft H H 


ft 

•P 

h 

0 

0 

-p 

•H ^ 

>5 

ad 

P 


O 



ft 

P cd 

ft 

ad 

ad 

♦H 

P o 

ft rH 

ft 

0 

ft 

0 

cd 0 



0 P 

a 

ft 

ft rH 

is ft 

O rH 

ft 


o 


p 

• 

P ft 


•H 

•H 

1 

0 

ft 

ad 

•H 

ft 

C H ft 

ft 

0 

•P P 

ft 

H 

H 

1 0 

ft 

P o 

•s 

ft 

rH 

ft 

O bO 

o 

bO 

•H O 

o 

i>> 

>>P 

O ad 

ft -H 

0 

ft 

cd 

0 

•H 

•H 

0 

0 8 rH 


a 

o 

ft 

•rH 

O ft 

P 

P 


ft PH 

ft 

i> 

p 




ft bO 

P *H 

0 

ft 

£ 

0 

cd 

cd 

Eo 

nd ft 

o 

cd 

ad 

ft 

O -H 

ho o 

ad 

o 


P 

ft ft 

P 

ad 

0 rft 

ft 

0 

O 

•H p 

0 


•H 

ad 

0 

ft H 


O 0 

o 

ft 

ft 


ft 

ft P 

ft 

0 

ft 

ft 



ft 

ft p 

ft 

o 

0 

ft 

P 0 

0 

CQ 

P 

cd 

0 

O 

ad 

ft 

rH 

ft 


ft 

0 

o p 

0 


O 


ft 

ft • 

ft 


P rH 


ft 

ft 

£ 

P 0 

ft 0 


P 

ft 

ft 

0 

3 

ft 

ft 

H 

ft 

•H 

; ^ 

ft 

rH 

ft 



•rl 

0 P 


•H 

P P 

ft 

p 

ft 


P 0 

0 ft 

•ft 

ft 

0 

ft 

ft 0 

ft 

0 

0 0 

ft 

ft 

0 


O ft 

i> 0 

0 

•H 

ft 

0 

9, ^ 

•H 

p 

ft ft 

o 



• 

*'"3 ft 

ft ad 

P 


CQ 


bO 0 

0 

CQ 

0 0 


ad 

< 

0 

ft *H 

P 

CQ 

ad 


0 

O ft 

ft 


ft bO P 

P 


0 

S ft 

0 P 


0 


0 

«H ft 

CQ 


ft 

•H 



ft 

0 

P o 


ad 


P 

ft *H 



•H 0 

ad 



ft 

0 

•H 


ft 


0 

ft ft 

ft 


-P P 

ad 

O 


rH P O 

O P 


O 


t> 

cd 0 

o 


0 P 

ft 

ft 


P ft ft ft > 


H 



CVJ 

oo 

b- 

ro 


< 

i 


0 

bO 

a 

a 

i — I 

bO 

a 

*H 

d 

a 

O 

ft 

CO 

0 

U 

a 

o 

O 

a 

a 

o 

ft 

d 

0 

0 

§ 

a 


§ 


b 

ft 

•a 

•H 


5 

ft 

w 

a 

ft <D 

a ft 

d 

o 

ft ft 


to 

0) 

ft 

a 

•Hi 

> 

d 

<D 


>> 

o 


cd (D 
ftp 

a p 


5 


VL/ 


CVJ 



p 

a 

i 

d 

ft 03 

•H 

a 

p < 

p 

a 

> 

a • 

03 a 03 

0 O 0 

p ft > 


ft bD 

a a 

P 

a 

naft 

•rl 

^ -a 

P< 0 

d 


H d 
— " cd 
o 

a h 
o 

•H d 

p a 

a ' 


p 

CD 


cd 


a 
o 
ft h 


cd 
o 
cd *H 
a p 
cd CD 

ft a 
o 


ft 0 ) 
bO P 
•rl Cd 

a h 

H ^ 
cd CD 

a p 

o p 




>4 


a 

p 

ft 



0 

a 

0 

a 

p 

0 

ft 



p 

a 

o 


a 

o 


ft 

0 

0 

•H 

0 

o 


03 

O 

d 

p 

p 

p 

p 

0 

0 


o 

0 

•h 

p 


o 

0 

£ 

0 


d 


o 

a 

a 

p 

a 

o 

bD 

ccj 

a 

d 

a 

5 

a 

ft 

b 


CO 


ft ft 
o 


cd 

ft a 


o 

0 

bD 

0 



a 

• 


p 

a 

P 

a 

O 


0 

0 

p 

•h 

P 

o 

ft 

0 

a 

a 


r— i 


•rl 

0 

ft 

0 

> 

p 

ft 

a 

P 

a 


ft 


o 

o 

•rl 

o 

p 


a 

>> 

•h 

a 


H 


ft 

•rl 

a 

P 

m 

d 

P 

0 

Csl 

H 

o 

> 


0 

ft 

p 


>5 

0 


ft 

0 


p 


o 


a 

o 

•rl 

S 

a 

o 

H 

cd 

o 


03 cd 
CD 

03 
ft 


a 

& 

CD 


CD 

•s I — 1 

d ft 

a ■g 
o > 


o 

p 

03 

CD 


03 
03 03 
CD d 
03 ft 

s * 

ft 5 > 

O ft 

P 


d 

<p 


03 

P 


r— I ft 

cd ft 


5 


CD 


CD (D 

a *h 


p 

03 


a 
*H 

bQ ft 

•3 8 

i — 1 o 
M 

a bO 

a a 

ft *H 
CD M 

p 

CD 

P 

P 


& 
ft 

•rl I— l Cd 

d ft 

P ft 
ft d c>T 

*p 9 

a cd 
o d 
h ^ a 

P cd 
ft P 
o\ 

C 
(D 
03 

cd H 
o P ft 


03 

CD 

P 

cd 


cd cd d 

CD 

t> 


P 
P 

0 

a a 

ft cd 


CD 

a d 

<D CD 

> | 
03 03 
a 03 

a; a 
a 

<D CD 

ft a 

ft CD 
•H > 
ft 

03 03 
d 
CD ft 

ft O 
p a 

p 

co a 
a cd 

o a 

•rl 

P 0 

a P 
bO p 


03 

03 

0 

a 

co 


•h 

H 

ft 

i 

ft 

o 

03 

0 

!> 

3 

o 

ft 

a 

0 


ft 



d a 
0 


a 

0 

ft 

p 



0 

d 

00 a 


S» P 

0 

ft 

a 

h a 0 

p H ft d 

ft 

o 

ft 


0 

g 

•h 

H 

d P 

a 

0 0 

a 

p 


a S q 

0 

a a 


0 

a 

a h a 


0 p 

a 


a 

H 3 

0 

> & 



a 0 
o p 

ft 03 

03 a 

03 0 

0 d 

a a 
p a 

03 

bO O 

a *h 

ft 03 

h a 
ft o 
g P 

a 


ft 

O 03 

a 

03 0 
0 d 

£ >!> 
a 

i — l 

a d 
o a 
•h a 
a 

0 03 

a 0 
a p 
a a 

0 ft 

5 ts 

0 

> 



if\ 

O 


O 


t- 

OJ 

100 

H 

O 


H 


M 

ft 

ft 

O 

0 

5 


5 

a 

> ft 

s 


0 

d 

a 

a 

o 

ft 



ft 

0 a 

p 

p 

•rl 

EH 

> ^ 0 

0 


P 


a on ft 

0 


0 

l 

3 CM ft 

a 

p 

a 

• 

0 ft 


0 

3 

0 

■ -a 

0 

ft 


0 

a ft 0 

p 

ft 

a 

P 

0 0 

H 

> 

0 





LT\ 

H 


CVJ 

00 

t- 

ro 


<C 

o 



J 


• 2 

•«H P O 

ftP < 

P 

od o 

cd a 

cd O \ 

i H* 


0 0 

0 0 P 

ft i 

3 rH 

cd 

od *H 

P ft ft 

0 c 



> ft 


0 a 


cd 


ft ft 
0 


0 rd 
0 0 



od 


3 a 

0 

i 

0 

o 

0 

ft 

P 

l>s 0 

• 

jd 

3 

^P 



a p 

cs 

0 

p 


cd 


p cd 

o 

ft 




o 

rH 

•rH 

ft 

0 

0 

0 

> 

bp ft 

0 

•H 

p 

P 

cd 

P 

q 

P 

p 

p 

0 



•H 0 

o 

0 


P 

g 


P od 

p 


ad 

0 

> 

0 

•rH 


ft 

0 

£3 

0 

pj 

0 > 

Jd 

o 

P 

cd 

p 

o 

g # 

*H 


cd 

p 

0 


o p 


*0 

d 

cd 


p 

O 

0 

0 

P 

ft 0 

o 

O ft 

P 

cd 

a 


•rl 

ft 

p 

0 

o 

i — i 

P 



, — s 

ft 


cd 

0 



bD od 


bO 

a 

id 

0 

sd 

q^ 

•rH 

3 


0 

M 

cd 

•H OJ 


0) Td 


3 

ad 

0 

£ 

0 

ft 

ft 

•H 


0) ft 
-P ft 
cd *H 




q cm 

*cd a) 


'H a 

cd cd 

^ p 
0 




0 

0 

> cq! 

1 0 

p 

ad 

rA 

OJ 

0 

0 

P 

o 

0 

0 

q 

OJ 


id 

P 


H 

p 


•rH 


od 

o 

cd 

>>rH 

ft 

fd 

rH 

0 

jd 

•H 

rH 

CC 

o 

0 

cd 


P 

cd 

cQ 

ft 


ft 

p 

CQ 

O 

2 


£ 

•H 

3 

bo 


Iw 

o d 


CQ 

P 

O 

ft 

B 

•rH 

> 

0 

8 

S 

ch 

ch 

•H 

ft 

W 

P 

o 

ch 

ad 

0 

•5 

cd 

-P 

■§ 

0 

p 

% 

CQ 

-P 


CQ 

<D 


P 

0 

t 

H 

!>> 

o 

0 

5 

cp 

O 

0 

o 

cd 

ch 


cq 

ad 

•rH 

0 

$ 


ad 

•H 

O 

P 

*£ 

0 

o 

§ 


ft 

ft 

•rH 

P 

o 

O 

ft 


0 


0 

• 

0 

0 

0 

0 

ft - P 

0 


0 

> 

O 0 

0 

0 

3 


3 

P 

P 

H 

3 

0 0 

EH 

P 

cd 

o 

0 ft 



t> 


> ft 


P 


0 

P *H 


P 

ft 

P 

3 p 


•H 

O 

Eh 

a 0 


> 


a 

P *H 
cd Ch 
0 


0 

ad 


£ 

•H 

O 

•tH 

-P 

0 

cd 

Ph 

ch 

O 

0 

ft 

O 

0 

ft 

cp 

w 


CQ 
0 
-P 0 
cd -P 
pH Cd 
ft rH 
ft 
ad 

0 ad 

a 0 
0 > 
*P P 

cp 3 

*H O 
ft 
0 


O 
0 
ftP 

CQ -H 

5 S 

•H 
> 


£ 

ad 

0 


• ch 
0 ft 


O 
cd 
>>ft 

pH P 
ft cd 
ft 

cd P 
•H 
ad 0 


•rH 

p 

0 

0 

0 

p 

cd • 
pH 0 
ft rg 

o 
p 
o 

ft 


cd 


P 

o 

ft 


0 
p 
o 

o ad 




8 


CQ 

M 

0 

0 

S 

pH 

ft 

ad 

0 
Jd 
0 
ft 
ft 
•H 
P 
0 

1 
CQ 

P 

0 


ad 
0 
jd 
•rH 
cd 
rH 

e 

0 

0 
p 
cd 

CQ 
0 
rH 

■8 
S.3 

cd P 

CQ >xj 

S3 


a 

A 


0 

o 


§ 

H 

EH 

3 


si 


0 


8 
*H 
CQ 
CQ 
0 
P 

f 

O 

a 

•H 

ad 
0 
ad 

Cd rH 

^ a 

•H 
CQ od 


CQ 

P 

cd 

0 

ft 

&£ 

cd 


0 -H 

I " 


I s 
0 0 
CQ ft 
0 0 

& g 

g-H 

o od 
0 

rH Od 

a a 

rH 

CQ 
0 
P 


H O 


bD cd 
Jd 


O 

ft 

0 

ft 


d 3 

P 

cd 

0 

Eh 

jd 

0 

0 i — 1 

d o 
d p 

bO 

ft 

a 

8 

0 

ft 

P 

• 0 

bp q 

0 

q 

Jd 

3, 

CQ 

ft 0 ft 

jd -H 


ft M 


g 

q-i 

*iH 

P 

0 

P 

O 

ft 


od 

0 

g 

ft 

ft 

•rH 

P 

CQ 

o 

p 


cd 
P 
cd od 


CQ 

ft bO 

3 .a 

ft p 

CD 


od 

0 

5 

cd 

G 

O 

o 


0 

rH 


0 

P 

cd 

P 

■3 

nd 


B 

p 

0 

a 

0 

0 

0 

cd 

o 

pH 

3 


C\J 


p 0 


« p p 

p 0 

0 

cd 

cd H •H 

i jd 

Eh ad 

0 

EH 

B P 

J 0 P 0 


P 


P cd ad 

j p 0 d 

Jd 



O P q 

! 0 -H 0 

0 

0 


ft 3 



X 

0 


0 


0 ft 
p p 


£ -3 


ro 

0 

rH • • 

P ^ 
cd H 
ft 

jd 

o 


cd 

O O* 
ft 0 



NACA TN 3782 



Research Division, College of Engineering, 
New York University, 

Nev York, N. Y., April 15, 1955- 




OJ 

00 

t- 

ro 


3 


£ 

rH 

•H 

■8 

(O 

£ 

■p 

o 

2 

u 

P 

co 


fH H 
O 00 
b-~ 
M rA 

O __ 


C~ 

LT\ 

o\ 


0 
p 

1 


< 

o 

g 


CO 

<D 

fi 

H 


P 
0) 

£ 

W CL . 

ut 
X El 

O qn 

PQ O 

P W 

3 5 

•* M 

<U o 

o 

(1) I 
O 


•H CJ\ 
H H 
•H 
P 

cd K\ 
P 00 
CO C- 
?P\ 

i — I 

cd S 

s5 

o o 

ia 

CO 

q-H to 
O rH 
rH 
M OJ 

g£ 

P 


P 


co 

O 

3 


OJ fit 
p 

g P 
<D 0) 
W > 

* ^ 
^4 O 
<D 

>1 qn 

O O 


PQ 

1 


m 

5 

o 


<D PQ 
bO 

Pt i 
O 

<U H 
6 H 
H 


0) 


£ 


-P 

Cd 

PQ 


C- 

& 

rH 


*£?cS 

•H t— 
H N'N 


-s 

£ 

H 

cd 

i 

CQ 

q h 

o 


< 

i 


CO 

I 

<u 

rH 

PQ 


rM 0) 

O -P 
O -H 


§ 


m o 

o 

•• P 

0) a 

bO cd 
u 


o 

a> 

o 


CO 

<D 

P 

cd 

rH 


p 

P 

P P 

p 

P 

u 

Ph 




cd 

cd 

cd id 

cd 

p 

?H 

P 

U P 

U 

o 

CD 


a) 

<D 


O 


o 

o 


. 


0 

• 


i — 1 


OJ 

kn 




a 


CO 

p 


0) 

0) 


bO • 

g 

p 

g 0) 

fi 

o 

3 bo 

o 


h S 

p p 

43 

p p 


Lf\ 


VO 




o 

<H p- 

• 


o IPs 

•• a 

CD 

On 

• o 

p 

H 

<£ *H 

p 

p 

CO 


*H CD 

Tj co 

u 

h g 

^ a> 

o 

•H 3 

cd ^ 


p p 

P Qi 


cd 

o W 

co 

p ^ 

♦H O 

p 

co VO 

P o 

u 

cd 

3 . 

•n g 

s 

o 

<d «h 

o 

rH a 

p 

cd 

•H CO 


1 

P 

CO 


o 

3 

& 

qn 

CO 

co 

<D 

P 


OJ 


p 

O 


o co CO 


<D 

p 

I 


> 

•H 

CO 

CO 

CD 

u 

f 

a 


£ 


§ 


p p 
d o 
cd a) 
co 


CsJ 


0) 

p 


& 

£ 


<D CO 

bO O 

2 & 
u- o 

5 “ 

PQ P 
CD 
* p 
h d 

i — i 

£ 

o 

p 
CO 


u 

p 

A 


9 


KN 



Ik. Budiansky, Bernard, Seide, Paul, and Weinberger, Robert A.: The 

Buckling of a Column on Equally Spaced Deflectional and Rotational 
Springs. NACA TN 1519, 19^8. 



on 


>5 ^ 
H lT\ 
ft£J 

as 

CO 

ft P 

o 

bQ O 
3 < 
*H 3 

f — 1 

ft 


'S 

• * P 
H -P 
0 ) *H 

B « 

•H "H 
09 > 
ft 
CO 


P 


co 

09 

-p 

P 

! I 

ft 


i — ! p 


P 
O 
• *H 
CO +3 
M O 

P P 
09 O 
ft 

ft ft 

•H 

ft -P 
CO ft 
05 


£\ 

ON 

rH 


ft 


P <S 

(D 

p ft 
•H O 
CO 


O 

i — 1 


0 ) 

d 


p 

-N (D 

P 


O 

LfN 

CM 


1 

1 


rH 

& 

CO 


o 
823 

g ' 

ft o 
-P ft 
P P 


ft 




o 

09 ^ 
ft • 
P vo 


<D I 

<§S 

P H 
O Pm 

P 
0 ) 
ft 
o5 

o Ch 


<D 

5 


CO 

CO 

09 

p 

-p 


p CO 

1 



(D 

CO 

W u 

CD 

u 

• 

ft 


<D 

P 

-p 

1 1 

ft 

bO • 

09 p 

O 

to 

O 

°H 

P K> 

> CD 


•H 

> 

ft 

•H lP\ 

•H ft 

ft 

P 


CO 

rH ON 

to ft 

o 




X H 

CO *H 


S 

P 

i — 1 

O 

<D -P 



cd 

cd 

r 

u CO 

u 

.P ^ 

P 

ft N*N 

ft 

o 

CO 

rH 

•H 


U H 

09 

•rH 

9P 

»d 

(D OO 

O cd 


-P 

P 

P 

t> CM 

o p 

EH 

•H 

ft 

ft 

•rl 

•H 



CO 

•rH 

co g; 


3 

ft 

O 

ft 

o 

< 1 ) 

ch 

ch 

ft 

CD 

£ 


CD 

U < 
ftQ 

I £ 

8* 


p 
o 

•H 

15 

a 

J 

P Jh 


&°0 

5€n 

CO H 

cp •* 
O t— 
LTN 
bO LTN 
P H 
ft 

H S 
^ EH 

O 

P C 
PQ O 


<D 

i> 

ft 

CO 

CO 

0 ) 

h 


co 

. . <d 

ts 

O Ch 
O ft 
ft 
-p 
CO 


3 

£ 


CD 
CO 

In 

CD 

t> 

CD CO 

P P 
ft p 
CD h 

co £ 

P -p 
P ft 
£2 


p CQ 
?h CD 
p -p 

£3 

0 J hi 

•s (D 


bO 

S3 

o 


P 

o 

s — ! 

P 

o 

ch 

O 

P 

O 

(D 

s 


& 

0 

i — i 
OJ 
> 
CD 

P 

ft 

01 


CO 
rH I 
CD 

I 

ft 


ft P 
CD 


P 

i — I 
rH 
O 
PS 


s 

ft 
ft 
■H 
■ft 
-s CO 


§ n 


t- 

k 

rH 


ft ^ 
O CM 
CO 


P 


* -p 

• CO 
ft 


CD 

bO 

u 

o 

& 


s 


4* 


cd ft 

" ffl i 

cd ft 

P 

43 

•v B 

•H 

ft u 

•n • KN 

ft o 

09 

X u 

U O 

ft 

O 

cd ft B Cr- 


ft 

to 0 

09 O 

P 

ft 

H • O 

•S <D 

ft 

p ft 

rP 

ft 

09 ft 

rH Eh P • 

CD fp 

•H 

cd ft 

P 09 

CO 

P 

cd • ft ft 

rp *rl 

ft 

•H p 

H ft 

p 

•H CO 

*s PS — " ft 

•H CO 

CO 

r p CO 

H ft 

H 

0) 

rP 

09 


p 

cd 


CO 

o 

CO 


P3 

O 


UTN 

VO 

0 

c— 


co* 

ON 


rH 

rH 

H 


rH 

rH 



CD 

> 

•H 

CO 

CO CD 
CD CO 
?H ft 

il 

0 U 

O O 

1 ,c3 
rH O 
P 

•rH i — I 
X cd 

rH P 
cd CD 

o o 

ft 
ft 


cd 


U ft 
O -P 
•H 

U 09 

r 


3 


P 

o 

p 

o 

3 


U co 

3^ 

Sh 

■P VO 


cd 


CO 

l — 1 

CD 


CO 
CO 
CD 

u 

g,fc 

O rp 
O CD 

, P 

rH CD 
cd cp 

O «H 
p *H *H 

cd -P -P 

■a-a*? 

P o H 


p 

cd 

rH 

rH 

O 

PS 


rp CD 

P J> 

ca | 

r° 

PP cd 




U3 O 


3 

8 


U 

CD 

P 

^ CO CD 
Ch to c^ 
U <D cp 
O U 
nd -P -P 
-P CO CO 


CM 


H 


j M 


co & 

•rH 

0 VO 


3 P S 



ft 

09 rH 


d 0) EH 


09 

O 

PS _ 

S 

P 

P 

r> * 

CO 

- B 

3 


O 


*H U 
O CD 
P 

CO CD 
tO «h 
CD <H 

■P -P 
CO CO 


CD 


CM 

CM 


CO 


KN 

CM 


MU ^ 

rH VO 


ft 


u 

P 0 

p 

ft rH 

bO • 

^ P« 

Ip CO 

P ft 

W <D 

P < 

CO 

CO 

•N CO 
1 — 1 09 

EH . 

09 P 

3 

P ft 

bO O 

!>> co 

P *-3 

0 

P 

CO 


• 

• 

-4* 

LTN 

CM 

CM 


26. Timoshenko, S. : Theory of Elastic Stability. First ed. , McGraw-Hill 

Book Co . , Inc . , 1936 . 



NACA TN 3782 


ON 

iH 

























number of stiffeners on plate; #, sturdy stiffener-, 
transverse support with no restraint of lateral movement. 





number of stiffeners on plate-, •, sturdy stiffener; 
transverse support with no restraint of lateral movement. 
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Figure 2. - Rotational stiffnesses of flat plates with different boundary 
conditions. Moments vary sinusoidally along plate length. 
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Figure 3*- Concluded. 
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Figure 4.- Typical formed and extruded stiffeners 
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Figure 9.- Buckling* behavior of axially compressed flat 
by deflect ional and rotational springs. 
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Figure 13 Continued. 




NACA TN 3782 



Figure 13 . - Concluded. 
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Figure 1^.- Continued. 
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Figure 14.- Continued. 
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Figure l4.- Concluded. 
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Figure l6.- Continued. 
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Figure l6.- Concluded. 
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;ure 17*- Comparison of test data with secant -modulus theory for 
inelastic-local-buckling stress of Z-stiffened flat plates under 
compressive load. (Data of ref. 19.) 
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Figure 19-- Concluded 
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Figure 22.- Shear-buckling coefficients for simply supported curved plates 
with center stiffener. (Data of ref. 29.) 
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